Nearly 100 isolates of Lactobacillus were obtained from human and animal sources. Screening tests with the isolates revealed seven possible bacteriocinogenic strains and 26 strains sensitive to one or more of these inhibitory strains.
Bacteriocins are usually defined as bactericidal substances synthesized by bacteria and active against strains of the same or closely related species. The majority of them are inactivated by proteolytic enzymes and are believed to be proteinaceous in nature. Their narrow activity spectrum and proteinaceous character distinguish them from antibiotics (11) .
Bacteriocinogeny among many different bacterial species is well documented (14) , but full characterization of bacteriocins, especially those from gram-positive microorganisms is limited to a few. Yet diversity among bacteriocins is evident. They include the "classical" colicins of Escherichia coli and related species, megacin A which is a lytic enzyme identical to phospholipase A (22) , pyocin R which resembles a phage tail (19) , enterococcin (type I) which appears to be a hemolysin (1), staphylococcin (414) which is a lipoprotein-carbohydrate complex (12) , and bactericidal substance from Staphylococcus aureus (strain C55) which is proteinaceous in nature (5) . These differences are not surprising when one considers that the definition of a bacteriocin allows the inclusion of many substances having antibacterial activity. To avoid further confusion, Nomura (21) has suggested that the term bacteriocin be limited to those bactericidal substances which act on culture strains related to the producer, require a specific adsorption site for action, and do not resemble morphologically a phage or parts of a phage. This definition would exclude lytic enzymes and defective bacteriophages. Reeves (23) has recently reviewed the nomenclature, chemistry, genetics, and mode of action of bacteriocins.
While looking for lysogenic cultures, deKlerk and Coetzee (8) found a number of heterofermentative and homofermentative lactobacilli which produced bacterocin-like inhibitors. A somewhat unusual situation was found with the heterofermentative Lactobacillus fermenti (7) in that all 25 of the producing strains inhibited the same indicator cultures, and no resistant mutants could be obtained. The bacteriocin produced by L. fermenti was later isolated and chemically analyzed (9) .
The present report deals with the isolation and preliminary characterization of a bacteriocin called lactocin 27, which was isolated from the homofermentative Lactobacillus helveticus. Some comparative data are presented on two other lactocins produced by other homofermentative lactobacilli. Acrylamide gel electrophoresis. The acrylamide gel electrophoresis procedure was that described by Waehneldt (30) , except that 10% polyacrylamide (wt/vol) was used for the resolving gel. Samples were dissolved in a solution containing 4 M urea, 1% SDS, and 1% mercaptoethanol. Portions (50 gsliter) were layered on gel columns measuring approximately 6 by 75 mm. Electrophoresis was carried out by using the constant-current method (1 mA per gel for 60 min, during which time the sample was concentrated in the stacking gel, followed by 3 mA per gel for 90 min). The gels were then soaked in 12.5% trichloroacetic acid for 2 h and stained for protein with Coomassie brilliant blue (10) or for lipid with oil red 0 (4). Carbohydrate staining was accomplished by the adaptation of a colorimetric method (18) in which the gels were heated in a phenol-sulfuric acid mixture for 5 min at 90 C. Carbohydrate, when present in the gel, stained dark brown. The gels were restored to their original length by soaking in distilled water overnight.
MATERIALS AND METHODS

Media
Chemical analyses. Protein was determined by the method of Lowry et al. (20) by using Bovine Serum Albumin Fraction V Powder (Sigma Chemical Co., St. Louis, Mo.) as a standard. Phosphorous determinations were made by the method of Chen et al. (2) . Carbohydrate content was determined by the phenol-sulfuric acid method (18) . Lipid was determined gravimetrically (24) . The samples were hydrolyzed in 1 N HCl in a sealed tube for 6 h at 100 C prior to lipid and carbohydrate determinations.
Amino acid analysis. The amino acid composition of purified lactocin 27 was determined by comparison with a mixture of known amino acids by using an amino acid analyzer (Technicon Instruments Corp., New York, N.Y.). An acid hydrolysate of the lactocin VOL. 4, 1973 by repeated evacuation and flushing with N2 gas, the evacuated desiccator was placed in an oven at 110 C for 24 h. Cysteine and methionine were estimated after oxidation of the hydrolysate with performic acid (17) . Tryptophan was determined spectrophotometrically by N-bromosuccinimide (26 None of the three LP cultures appears active when tested against itself by the stab procedure; thus the producers are immune to at least nominal levels of their own inhibitors. The producers are also immune to the inhibitors of other producing strains. The diameters of the inhibition zones vary only about 1 mm in repetitive experiments, provided the soft agar is inoculated with approximately the same number of indicator cells in the logarithmic-growth phase. Tentative species designations for the six cultures isolated for this study and listed in Table 1 were determined by using the taxonomic scheme of Sharpe (25) .
Growth and lactocin production. Screw-cap tubes containing 10 ml of APT broth were seeded with a 1% (vol/vol) inoculum of a 24-h APT broth culture of LP27. The tubes were incubated statically at 37 C. Growth was followed by measuring absorbance at 615 nm, and the bacteriocin titer was measured as previously described. Lactocin production paralled growth for the most part (Fig. 1) . Neither growth nor lactocin production could be improved by changing the incubation temperature to 45 or 55 C or by substituting media such as brain heart infusion, Trypticase soy broth (Baltimore Biological Laboratories) or Thioglycollate broth (Difco). ity of 80 U/ml. If the cells in the pellet were resuspended in saline to original volume and assayed, an activity of 20 U/ml or less was found. For this procedure, dilutions of cell suspension were spotted on a plate and allowed to dry for 15 min. The plates were subsequently exposed to chloroform vapor, overlaid with indicator strain, and incubated.
The question remained whether the bacteriocin activity in the supernatant fluid was the result of autolysis during growth of the culture. Cells washed and suspended in saline were disrupted in a Ribi Cell Fractionator (Ivan Sorval Inc.) at 30,000 lb/in2. Although electron microscopy (12) showed almost every cell to have one end sheared off, the inhibitory activity of the cell suspension did not increase over the starting material. These results indicated that the cytoplasm was not the major source of the lactocin and that the bacteriocin most likely was excreted during growth.
Several lines of evidence have shown that the inhibitory activity of strain LP27 is not due to a bacteriophage. No phage particles were observed in the culture supernatant fluid by electron microscopy by using methods described previously (12) . Diluting out the culture supernatant fluid leads to diminished inhibitory activity when tested against the sensitive strain, but not to the formation of individual plaques. In addition, the inhibitory activity cannot be propagated in the sensitive strain as would be expected of phage.
The effect of inducing agents, e.g., mitomycin C (0.5 to 2.0 ug/ml) and ultraviolet light, on strain LP27 was studied by using the methods described by Dajani et al. (5) . Neither treatment had any effect on lactocin production.
Isolation and purification. The procedure finally adopted is summarized in Fig. 2 , and the yields obtained at various steps are listed in Table 2 .
APT broth (2 liters (20) of sample adjusted to equal that of partially purified lactocin used for comparison.
ml of an overnight APT broth culture of LP27. After 40 h of incubation at 37 C, the culture was heated in flowing steam (100 C) for 1 h. The cells were removed by centrifugation at 7,980 x g for 20 min. Chloroform (25 ml/liter) was then added to the supernatant fluid, and the mixture was shaken vigorously for 15 min. The resulting precipitate was allowed to settle out at 4 C overnight and then was collected by centrifugation at 7,980 x g for 1 h. The precipitate was washed twice with water saturated with chloroform, and the residual chloroform in the precipitate was removed under vacuum in a Rotavapor (Biichi, Switzerland). The precipitate was then freeze-dried and designated crude lactocin. The crude lactocin was dissolved in 0.05 M Trishydrochloride buffer (pH 8.7) and subjected to column chromatography on Sephadex G-200 (Fig. 3) . The fractions constituting the first absorbance peak eluted in the void volume and had inhibitory activity proportional to their absorption at 280 nm. These fractions were pooled, dialyzed against distilled water, and freeze-dried. This material was called partially purified lactocin.
Further purification was achieved by subjecting the partially purified lactocin to column chromatography by using a buffer which contained SDS (Fig. 4) . The fractions containing the inhibitory activity were eluted after the void volume and had activity proportional to their absorbance at 280 nm. These fractions were pooled, concentrated to approximately onetenth volume by rotary evaporation, and subjected to gel filtration through Sephadex G-25 to remove the Tris and free SDS. The active fractions, which eluted in the void volume, were pooled and the absorbance at 280 nm was adjusted to 1.0. This material, called purified lactocin, contained an undetermined amount of bound SDS. Properties of lactocin. The partially purified lactocin derived from LP27 was inactivated by trypsin and Pronase, but not by ficin. When the enzymes were applied directly to the growth of LP27 on a stab plate, the inhibitory activity was again destroyed only by trypsin and Pronase. In similar tests using stab cultures of LP30 and LP67, only trypsin destroyed the inhibitory activity.
Crude lactocin 27 at a concentration of 1 mg/ml in 0.15 M NaCl, pH 7.0, is remarkably heat stable; no measurable drop in activity is seen after heating for 1 h in flowing steam (approximately 100 C).
Lactocin 27 in its partially purified form contains protein (47%), lipid (13%), carbohydrate (8%), and phosphorus (1%). Ash content was not determined. Its estimated molecular weight is more than 200,000 as it is eluted in the void volume of a sephadex G-200 column (Fig.  3) . The partially purified lactocin complex is dissociated by SDS; the active component (purified lactocin) elutes after the void volume when partially purified lactocin is chromatographed on Sephadex G-200 with buffer containing SDS (Fig. 4) . Purified lactocin behaved as a homogeneous preparation in polyacrylamide gel electrophoresis; only one band appeared when the gels were stained for protein or for carbohydrate. Because these bands were at the same position (Fig. 5) , purified lactocin is apparently a complex of protein and carbohydrate. No band was observed when the gels were stained for lipid. Because of the bound SDS and residual salts in the sample the absolute percentage of protein and carbohydrate in purified lactocin could not be determined; however, the ratio of protein to carbohydrate was 1.75:1. Its molecular weight was estimated to be 12,400 by gel electrophoresis.
The amino acid composition of purified lactocin is given in Table 3 . A very small peak was observed for methionine in the unoxidized sample which disappeared when the oxidized sample was examined. The peak corresponding to cysteine was not observed with the unoxidized sample, but a small rise, corresponding to cysteic acid-sulphone, was observed with the oxidized sample. These results were interpreted to mean that methionine was present and that cysteine was either absent or present in a very small amount. To test whether disulfide link-ANTIMICROB. AG. CHEMOTHER. aCalculated by assuming that the sum of the weights of the amino acids, aspartate through arginine, is equal to the estimated molecular weight of the lactocin.
bTryptophan was estimated by using N-bromosuccinimide oxidation.
c A small peak was observed in acid hydrolysate of purified lactocin, which disappeared on performic acid oxidation.
d N.C., Not confirmed, details given in text.
ages were required for activity, purified lactocin was tested after reductive S-carboxymethylation (3); activity was not diminished.
Showing that lactocin 27 acts through specific receptors has been complicated by the fact that it adsorbs to many things, including nonsensitive cells. However, in some tests with partially purified lactocin there is a difference in the rate of adsorption; the sensitive cells adsorb the bacteriocin out of solution faster than the nonsensitive cells. Details of these experiments will be reported later with the other data on the mode of action. So far, spontaneous, resistant mutants have not been observed in sensitive strains. FIG. 5 . Electrophoretic migration of purified lactocin 27 in 10% polyacrylamide gels. The collapsed stacking gels have been removed from the top. The migration was towards the anode at the bottom. From left to right: lactocin stained for carbohydrate; lactocin stained for protein; and marker proteins (albumin, molecular weight 67,000; cytochrome C, molecular weight 12,400) stained for protein.
DISCUSSION
Except for the difficulty in demonstrating attachment to specific receptor sites on sensitive cells, lactocin 27 meets all the criteria for a bacteriocin as described in the introduction. These criteria are of special importance with regard to lactocins, because the lactobacilli produce a number of antimicrobial substances, on October 13, 2017 by guest http://aac.asm.org/ Downloaded from VOL. 4, 1973 including hydrogen peroxide (31) and lactic acid (27) . Vincent et al., (29) reported the production of an inhibitory substance by Lactobacillus acidophilus, called lactocidin, which was active on Pseudomonas aeruginosa, E. coli, S. faecalis, and many other bacteria. Because of the wide spectrum of activity, the substance was not called a bacteriocin.
L. helveticus strain LP27, a homofermentative lactobacillus obtained from human saliva, produces a bacteriocin with properties quite similar to the bacteriocin from the heterofermentative L. fermenti (9) . Both bacteriocins are heat stable, inactivated by certain proteolytic enzymes, diffusible in agar, nondialyzable, and have a narrow spectrum of activity.
The amino acid composition of purified lactocin 27 is quite similar to that of the bacteriocin produced by L. fermenti (9) . Both have traces of methionine and a comparatively high content of glycine, alanine, and asparate. Cysteine (and cystine) appears to be absent in both bacteriocins.
There is one apparent difference between the bacteriocins of L. fermenti and strain LP27. DeKlerk and Smit (9) were unable to dissociate an active protein from the large molecular weight lipocarbohydrate-protein complex by phenol treatment or hydrolytic techniques and concluded that the integrity of the complex was essential for activity (9) . SDS was not employed, however, in these studies. Lactocin 27, on the other hand, appears to be a small molecular weight glycoprotein.
Whether the bacteriocin from LP27, as well as the bacterocins from other gram-positive bacteria, can be isolated as pure proteins is difficult to predict, but it is interesting to note what has happened with the colicins. The colicins were initially thought tQ be large molecular weight lipopolysaccharide-protein complexes (13, 16) . Herschman and Helinski (15) , however, isolated colicins E2 and E3 as proteins from mitomycin C-induced cultures. Later, Tsao and Goebel (29) showed that mitomycin C induces E. coli K235 to produce an unconjugated colicin K protein, whereas the noninduced cells produced the bacteriocin as a large complex resembling the somatic antigen of the cells. The lipopolysaccharide-protein complex obtained from noninduced cultures does not appear to be an artifact of the isolation procedure and has been considered the "natural" form of the bacteriocin. Thus, the chemical composition of a bacteriocin may depend in part on whether the culture is inducible. Preliminary attempts to induce strain LP27 with mitomycin C or ultraviolet light have failed. However, if methods L. HELVETICUS BACTERIOCIN 493 could be found to induce bacteriocinogenic strains of lactobacilli, it is possible that the lactocins might also be released and recovered as unconjugated proteins.
